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@ Optical apparatus has a min-or 2C and a mirror mounting 
stage 1. The stage 1 has a supporting portion 1c to M^ch a 
part of the mirror 2C is affixed, leaving other parts of the mirror 
2C free. 

Buffer means are provided which comprise a mounting 
part 5a affixed to the mirror mounting stage 1 , on which mount- 
ing part 5a a spring part 6a, with a spacer 7a, is provided, the 
spacer 7a of the buffer means contacts a free end 2C' of the 
mirror 20. The spring part 6a is deformable so as to take up re- 
lative displacement between the free end of the mirror 2C and 
the mirror mounting stage 1, arising for example as a result of 
temperature change when the mirror and the mirror mounting 
stage have different coeffk;ients of expansion. 
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'^OPTICAL APPARATUS HAVING A MIRROR 
AND A MIRROR COUNTING STAGE" " 

The present invention relates to optical apparatus 
having a mirror and a mirror mounting stage. 

For example, in an electron beam exposure 
system, the wafer which is to be irradiated by an 
electron beam is mounted on a stage which can move 
in two orthogonal (e.g. vertical and horizontal) directions 
in a plane so that the electron beam can irradiate 
desired regions of the wafer. 

With regard to the stage, it. is essential 
to detect its position with high accuracy in order 
that the electron beam accurately irradiates the 
wafer. A laser interferometer is used for accurately 
detecting the position of the stage. 

A laser interferometer uses a laser generator 
and a half mirror etc. The location of the stage can be 
detected by counting interference fringes generated 
between the laser beam as emitted from the laser 
generator and the laser beam as emitted from the 
laser generator and then reflected at the stage. Por 
the purpose of detecting accurately the location of 
the stage using such a laser interferometer the stage 
is providpci with a mirror which reflects the laser, beam. 
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Previously proposed methods of mounting a mirror 
on a stage \7ill now be explained with reference to 
Figures la and lb of the accompanying drawings, 
which arjB respective plan views. 

5 On a stage 1, consisting of a lightweight metal 

or metal alloy, for example aluminium alloy or magnesium 
alloy, a wafer 4 which is to be irradiated by an 
electron beam is mounted. In Figure la, a pair of 
mirrors 2a, 2b arranged in mutually orthogonal, crossing, 

10 directions are fixed to the stage 1 at their end portions 
3a, 3b, 3c, 3d. The mirror end portions may be 
screwed to the stage or bonded thereto by a bonding 
agent. In Figure lb an L-shaped mirror 2C is used. 
The mirror 2C is fixed to the stage at its end 

15 portions 3e, 3g and its vertex or angle portion Sf . 

Screw fixing or bonding by a bonding agent may be employed 
for fixing the relevant mirror portions to the stage - 

The stage 1 is usually composed of a material 
20 such as aluminium alloy as explained above, whilst 

the mirror or mirrors, on the other hand, are usually 
composed of a material such as quartz glass. 

The linear expansion ^j^coef f icients of the stage 
25 and the mirror or mirrors thus differ greatly: quartz ^ 

glass has a linear expansion coefficient of 7 x lO / C, 
whilst aluminium has a linear expansion coefficient 
of 23.9 X 10~^/°C. 

30 If temperature changes whilst a wafer is being 

irradiated by the electron beam, the points at which 
the mirror or mirrors are affixed to the stage will 
follow expansion and/or contraction of the stage, 
resulting in mirror deformation for example as indicated 

35 by broken lines in Figures la and lb. Thereby, the angle 
at which the directions of the mirrors cross, or at 
which different arms of the L-shape mirror 2C cross, 
which should naturally be 90^, deviates from that value. 
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Under these conditions, when a wafer is irradiated with 
an electron beam to form a pattern thereon, the pattern fcrzaed 
is deformed in vertical and horizontal directions because 
the positioning of the electron beam is carried out with 
reference to the laser beam reflecting surfaces provided 
by the mirror or mirrors. 

With regard to Figure lb it may be possible 
to employ a structure in which only the vertex 
or angled portion 3f of the L- shaped mirror is fixed to 
the stage, whilst the mirror end portions 3e, 3g 
are left free in order to prevent distortion of the mirror. 
However, in such a structure in which the mirror is 
fixed only at a single point, vibration ox the free end 
portions of The L-shaped mirror, centring around the 
point of fixing ro the stage, occurs and as a result 
accuxate measurement is impossible. 

According to the present invention there is 
provided optical apparatus having a mirror and a mirror 
mounting stage, the apparatus comprising: 

a supporting portion provided on the stage, 
a part of the mirror being affixed to the supporting 
portion leaving a free part of the mirror 
imaf fixed to the supporting portion, and 

mounting means, affixed to the mirror mounting 
stage, which contacts the free part of the mirror and 
which is formed so as to buffer displacement of the 
free part of the mirror relative to the mirror mounting 
stage. 

An embodiment of the present invention can 
provide optical apparatus in which a mirror or mirrors 
are mounted on a stage having a linear expansion coefficient 
different from that of the mirror or mirrors which does 
not allow deformation of the mirror or mirrors when the 
apparatus is subjected to temperature changes. 



An embodiment of the present invention can provide 
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optical apparatus which does not allow any substantial 
change of angle between a pair of mirror surfaces when 
the apparatus is subjected to temperature changes. 

An emhocLxment of the present invention can 
5 provide optical apparatus having a simple structure. 

Briefly, optical apparatus embodying the 
present invention, having a mirror and a mirror mounting 
stage, comprises: 

a supportirg portion provided on the stage, 
10 21 mirror \7hich is fixed at one part thereof to 

the supporting portion and which has a free end 
portion ncz fixed to the stage, and 
a buffering member which is in contact with the 
end surface of the free end portion of "the mirror. 

15 Reference is made, by way of example, to the 

accompanying drawings, in which 

Figures la and lb are plan views of respective 
previously proposed mirror and mirror mounting stage 
arrangements* for use in electron beam exposure systems. 
20 Figures 2a, 2b and 2c are respective perspective 

views for assistance in explanation of the structure of 
optical apparatus embodying the present invention. 

Figure 3 jb a side view, to an enlarged scale, 
of a part of the optical apparatus of Figure 2c, 
25 Figure 4a is a graph illustrating the relationship 

between temperature and deviation of an angle, 
nominally 90^, between two mirror surfaces for an embodiment 
,of the present invention. 

Figure 4b, is a graph illustrating the relationship 
30 between temperature and deviation of an angle, nominally 

90°, between two mirror surfaces for previously proposed 
optical apparatus, and 

Figure 5 is a perspective view of another embodiment 
of the present invention. 
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Figures 2a, 2b and 2c are respective perspective views 
for assistance in explanation of the structure of 
an embodiment of the present invention . 

Figures 2a, 2b, 2c illustrate the structure after 
different stages in the assembly of the apparatus, 
with Figure 2c showing a completed optical apparatus 
embodying the present invention. 

As shown in Figure 2a, step (stepped- down) portions 
la, lb are provided along two adjacent sides (orthogonally 
crossing sides) on the upper surface of a stage 1, made of 
aluminium for example. At the angle or corner at the 
intersection of those two sides a supporting portion 
IC (a plateau raised above the stepped-down portions) 
is provided. 

On the step portions la, lb of stage 1, mounting 
parts 5a, 5b are fixed by screwing or by bonding with 
a bonding agent, as shown in Figure 2b. 

To upper front portions of the mounting parts 5a, 

5b, flat plates 6a, 6b are attached. These flat plates 
6a, 6b function as plate springs, and thus provide 
for a buffering action as will be understood from the 
following description. 

At lower front parts of the flat plates 6a, 6b, 
rectangular parallelepiped spacers 7a, 7b are 
provided. 

An L-shaped mirror 2C is fixed to the supporting 
portion IC of the stage 1 at its vertex or angle part, 
by screw fixing or by bonding with a bonding agent, 
whilst end surfaces 2C'^2C*' of the mirror 2C are fixed 
to the spacers 7a, 7b by a bonding agent- 

It is preferred that the end surfaces 2C' , ' 
and the spacers 7a, 7b be meclianically connected in this way. 
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but it is possible for forego this mechanical connection 
and to rely only upon contact" between the end surfaces 
2C' and 2C* • and the spacers 7a and 7b through an 
extremely large friction resistance. 

The mounting parts 5a, 5b; flat plates 6a, 6b; 
and spacers 7a, 7b are all made of phosphor bronze for 
example . 

Figure 3 is a side view, to enlarged scale, 
of a region near the end surface 2C* of the mirror 
2C in the optical apparatus of Figure 2C. 

As explained above, the end surface 2C* of the 

mirror 2C is for example bonded to the s-oacer 7a 

in 

which is mounted on the flat plate 6a which iSy^ turn 
mounted on the mounting member 5a, Thus, when the 
relative position of the end surface 2C' of mirror 2C 
shifts to the position indicated by a broken line at 2C' ' ' 
due to a temperature change the flat plate 6a acts 
as a plate -*pxing and is bent as indicated by broken 
lines. 

Thereby, stress which would act on the mirror 
were the end portion of the mirror fixed, by bonding 
agent for example, to the stage is alleviated or taken up 
by means of the flat plate 6a with the result that there 
is no substantial deformation of the mirror. Therefore, 
the crossing angle formed at the vertex between the two 
sides of the L-shaped mirror is kept to 90° with an 
extremely small error. 

In an embodiment of the present invention only a 
part of a mirror is affixed to a supporting portion of 
a mirror mounting stage, and mounting means, affixed to 
the mirror mounting stage, is provided at a free end part 
of the mirror. The mounting means bears against the free 
end part of the mirror and is so formed as to take up, 
resiliently, stresses arising for example from differential size 
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size changes of tbe mirror and mirror mounting stage. 
Such differential size changes can arise, for example, 
as a result of temperature changes when the mirror and 
mirror mounting stage have different coefficient 
of expansion. 

The mounting means for example comprises a 
first portion affixed to the mounting stage and a second 
portion, pendant from the first portion, bearing 
at its lower end against the free part of the mirror. 
The second portion is resiliently deformable, so as 
to take up changes in position of the free part of 
the mirror, and the first portion is so structured 
as to permit deformation of the second portion. 

The second portion may be provided with a 
spacer at its lower end, which spacer bears against, 
and may be affixed to, the free part of the mirror. 

The inventors of tiE present invention have 
conducted experiments in order to confirm the beneficial 
effect of the present invention. 

A stage with an L-shaped mirror mounted thereon 
was accommodated in a thermal chamber and autocollimators 
respectively provided for each of the two mutually 
orthogonal mirroT surfaces for measuring the locations 
of those two surfaces. In addition, a temperature sensor 
was provided on the stage in order to measure the 
temperature of the 'stage. 

Experiments were carried out for a stage moimting 
a mirror in accordance with an embodiment of the present 
invention, and for a stage mounting a mirror in accordance 
with the prior art, as follows 

(1) An arrangement as shown in Figure 2C was 
heated and its temperature raised to 24.3°C from 20.6^C 
and then reduced bacic^20. 6^C, In this case, the amount 
of deviation from an angle of 90^ between the (nominally) 
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mutually orthogonal sides of the L-shaped mirror was as 
indicated in the graph of Figure 4a. In the graph of 
Figure 4a, the amount of deviation (in seconds) is 
plotted on the vertical axis, whilst the temperature 
5 (^C) is plotted on the horizontal axis. As is clear 
from Figure 4a, the maximum amount of deviation was 
-0.5'' (seconds). 

(2) A prior art arrangement in which the mirror is 
fixed -co the stage at three points (see Figure lb) was 

lO accommodated within the thermal chamber and its temperature 
reduced to 20.S^C from an initial value of 24.3°C 
and then its temperature increased again. In this 
case, the variation of deviation from a 90^ crossing angle 
is as indicated in Figure 4b. The amount of deviation 

15 is plotted on the vertical axis (in seconds) in Figure 4b, 
whilst teMperatiire is plotted on the horizontal axis. 
As is clear from Figiire 4b, maximum deviation for this 
example of the prior art was -38'' (seconds) - 

In Figures 4a and 4b small circles refer to 
2o experimental results obtained during temperature 

increase, whilst small crosses refer to experimental 
results obtained during temperature decrease. 

The results of the experiments show that distortior 
of mirrors in an embodiment of the present invention is 
25 extremely small in comparison with distortion in the 
prior art and deviation from 90° of the angle between 
the two sides of an L-shaped mirror is also extremely 
small. 

Optical apparatus embodying the present invention 
30 can be structured of simple elements such as a mounting 

member, a flat plate and a spacer etc, and these elements 
do not need to be manuf actiired to a high accuracy. 

Another embodiment of the present invention is 
illustrated in Hgure 5. 
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In the apparatus of Pigure 5 a flat mirror 52 
is mounted on a metal stage 51. If the mirror 52 were 
fixed on the stage 51 with all of its bottom surface 
in contact with the stage "bending'' of the mirror, which 
5 mirror is required to have accurate flatness, would 

occur during a temperature change, because of difference 
between the expansion coefficients of the mirror and 
the stage. 

Therefore, in this embodiment of the present 
10 invention, as shown in Figure 5, a supporting portion or 
plate 53 is provided on the stage 51 and the mirror 
52 is fixed thereon, for example by bonding. Further, 
similarly to the embodiment of the present invention 
illustrated in Figures 2, mounting plates 54a to 54d 
15 having flat plates 55a to 55d are employed. The 

mounting plates are installed at respective positions 
along the sides of the mirror 52, on the stage 51. 

Spacers 56a to 56d are provided which contact 
the sides of the mirror and are, for example, bonded 
20 thereto . 

In optical apparatus embodying the present 
invention, differential size changes due to difference 
between expansion coefficients of the mirror and the 
stage mounting the mirror are absorbed by flat 
25 plates (55a to 55d in Figure 5, 6a and 6b in Figure 2) 

which operate as buffering members. As a result, application 
of stress large enough to deform the mirror is avoided and 
the flatness of the mirror surface can be maintained. 

In optical apparatus embodying the present invention, 
30 a mirror is mounted on a stage. On the stage a supporting 
portion is provided and the mirror is fixed to the 
supporting portion at only a part thereof. At a free 
end portion of the mirror, which is not fixed to the stage, 
the end surface of the mirror is in contact with a buffering 
member . 
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CLAIMS: 

1 . Optical apparatus having a mirror and a mirror 
mounting stage, comprising; 

a supporting portion, provided on the stage, 
to which a part of the mirror is affixed, the mirror 

.also having a free,part, unaf fixed to that portion, and 

buffer means, affixed to the mirror mounting 
stage and contacting the free part of the mirror, 
operable to take up relative displacements between 
the free part of the mirror and the mirror mounting stage • 

2. Apparatus as claimed in claim 1, wherein the 
buffer means comprise a mounting portion affixed to 
the mirror mounting stage and a spring portion attached 
to the mounting portion. 

3. Apparatus as claimed in claim 2, wherein the 
spring portion is pendant from the mounting portion and 
bears at its lower end against the free part of thenirror, 
the spring portion being resiliently deformable to 

take up changes in the position of the free part of 

the mirror, and the mounting portion being so structured 

as to accommodate such deformation of the spring portion. 

4. Apparatus as claimed in claim 2 or 3, wherein the 
spring portion is a plate spring provided with a spacer 
which contacts the free part of the mirror. 

5. Apparatus as claimed in any preceding claim 
wherein the buffer means are. mechanically connected to 
the free part of the mirror, 

6. Apparatus as claimed in any preceding claim, wherein 
the mirror is L-shaped. 

7. Apparatus as claimed in claim 6, wherein the 
vertex of the L-shaped mirror is affixed to the supporting 
portion provided on the mirror mounting stage, with 

end parts of the L-shaped mirror free, the apparatus 
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comprising respective buffer means contacting the 
respective free end parts of the mirror. 
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8. • Apparatus as claimed in any one of claims 1 to 5, 
wherein the mirror is flat. 

9. Apparatus as claimed in claim 8, wherein a centra 
part of the mirror is affixed to the supporting portion 
provided on the mirror mounting stage, with the edges 

of the mirror free. 

10. Electron beam exposure apparatus including 
optical apparatus as claimed in any preceding claims. 
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(S4) Optical apparatus having a mirror and a mirror mounting stage. 

(§) Optical apparatus has a mirror 2C and a mirror mounting 
stage 1. The stage 1 has a supporting portion 1c to which a 
part of the mirror 20 is affixed, leaving other parts of the 
mirror 20 free. 

Buffer means are provided which comprise a mounting 
part 5a affixed to the mirror mounting stage 1, on which 
mounting part 5a a spring part 6a, with a spacer 7a, is 
provided. Tne spacer 7a of the buffer means contacts a free 
end 20* of the mirror 20. The spring part 6a is deformable so 
as to take up relative displacement between the free end of 
the mirror 20 and the mirror mounting stage 1, arising for 
example as a result of temperature change when the mirror 
and the mirror mounting stage have different coefficients of 
expansion. 
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